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What’s known on the subject? and What does the study add?
• No recent advances have been made in the treatment of patients with advanced bladder cancer and, to date, targeted

therapies have not resulted in an improvement in outcome. The mammalian target of rapamycin pathway has been
shown to be up-regulated in bladder cancer and represents a rational target for therapeutic intervention.

• In the present phase II study of everolimus, one near-complete response, one partial response and several minor
responses suggest that everolimus possesses biological activity in a subset of patients with bladder cancer. To maximize
benefit from targeted agents such as everolimus, the preselection of patients based on molecular phenotype is required.

Objective
• To assess the efficacy and tolerability of everolimus in

advanced urothelial carcimoma (UC).

Patients and Methods
• The present study comprised a single-arm,

non-randomized study in which all patients received
everolimus 10 mg orally once daily continuously (one
cycle = 4 weeks).

• In total, 45 patients with metastatic UC progressing after
one to four cytotoxic agents were enrolled between
February 2009 and November 2010 at the Memorial
Sloan-Kettering Cancer Center.

• The primary endpoints were 2-month progression-free
survival (PFS) and the safety of everolimus, with the
secondary endpoint being the response rate.

• A Simon minimax two-stage design tested the null
hypothesis that the true two month PFS rate was �50%,
as opposed to the alternative hypothesis of �70%.

Results
• The most common grade 3/4 toxicities were fatigue,

infection, anaemia, lymphopaenia, hyperglycaemia and
hypophosphataemia.

• There were two partial responses in nodal metastases,
with one patient achieving a 94% decrease in target
lesions and remaining on drug at 26 months.

• An additional 12 patients exhibited minor tumour
regression.

• There were 23 of 45 (51%) patients who were
progression-free at 2 months with a median (95% CI)
PFS of 2.6 (1.8–3.5) months and a median (95% CI)
overall survival of 8.3 (5.5–12.1) months.

• No clear association was observed between mammalian
target of rapamycin pathway marker expression and
2-month PFS.

Conclusions
• Although everolimus did not meet its primary endpoint,

one partial response, one near-complete response and
twelve minor regressions were observed.

• Everolimus possesses meaningful anti-tumour activity in
a subset of patients with advanced UC.

• Studies aiming to define the genetic basis of everolimus
activity in individual responders are ongoing.
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Introduction
In the USA, urothelial carcinoma (UC) of the bladder is a
common malignancy, with over 70 000 cases and 14 000
deaths occurring in 2010 [1]. Although representing a
chemosensitive malignancy, the median survival of
patients with metastatic UC is ª15 months [2].
Second-line chemotherapy trials have yielded
discouraging response rates in the range 10–30% with a
progression-free survival (PFS) of between 2 and 3
months and a median survival of 6–9 months [3]. In
Europe, vinflunine, a novel fluorinated vinca alkaloid, is
approved for previously treated patients with advanced
UC based on a modest improvement in survival
compared to best supportive care alone seen in the
eligible (6.9 vs 4.3 months; P = 0.040) but not in the
intent-to-treat population [4]. No agent approved by the
Food and Drug Administration exists for this setting
because conventional chemotherapy has shown no
survival benefit in patients with metastatic UC
progressing after first-line platinum-based chemotherapy.
The development of novel agents for advanced UC is
desperately needed.

Targeted therapies have shown activity in multiple tumour
types, including genitourinary cancers. Two agents that
inhibit mammalian target of rapamycin (mTOR),
temsirolimus and everolimus, are approved for treating
patients with advanced kidney cancer [5,6]. mTOR is a
ubiquitous serine-threonine kinase and a downstream
component of the phosphoinositol 3-kinase
(PI3K)/Akt/phosphatase and tensin homologue (PTEN)
signalling pathway, playing a critical role in the regulation
of protein synthesis, cell growth, proliferation, survival and
angiogenesis [7]. mTOR is comprised of two structurally
and functionally distinct multiprotein signalling complexes:
mTOR-complex 1 (mTORC1) and mTOR-complex 2
(mTORC2) [8]. mTORC1 is predominantly activated
through the PI3K/Akt pathway [9] and mTORC1-mediated
signalling is sensitive to rapamycin and its derivatives,
including everolimus [10]. A major function of mTOR
relates to its regulation of mRNA translation through the
downstream intermediates: eukaryotic initiation factor 4E
binding protein (4E-BP1) and the 40S ribosomal S6 kinase
(p70S6K1) [10]. To gauge the potential for mTOR-targeted
therapy in UC, we performed an immunohistochemical
analysis of phospho-S6 and phospho-4E-BP1 expression
in a tissue microarray prepared from 92 cases of � pT2
UC of the bladder [11]. Grade 2–3+ expression of
phospho-4E-BP1 and phospho-S6 was shown in 58% and
34% of the tumours, respectively, including a moderate
correlation with immunoreactivity observed between
mTOR pathway markers, suggesting that the pathway is
active in UC and providing the rationale for a trial
targeting mTOR in this disease.

Everolimus is an oral derivative of rapamycin that
selectively inhibits mTOR and has shown activity in
multiple malignancies, leading to its approval by the Food
and Drug Administration for advanced kidney cancer,
advanced pancreatic neuroendocrine tumours and
subependymal giant cell astrocytomas [6,12,13]. Everolimus
inhibits the growth of bladder cancer cell lines in vitro and
has activity in nude mouse models in vivo, including the
inhibition of protein synthesis through S6K and 4E-BP1, as
well as inhibition of angiogenesis [14,15]. Based on the
above observations supporting a potential role for mTOR
inhibition in UC, the present trial evaluated everolimus in
patients with advanced UC who have progressed after
first-line therapy.

Patients and Methods
Eligibility Criteria

Patients with previously treated progressive metastatic
UC of the bladder, renal pelvis, ureter or urethra,
histologically confirmed at the Memorial Sloan-Kettering
Cancer Center, were eligible for the present study.
Progressive disease was defined as new or progressing
unidimensionally measurable lesions on cross-sectional
imaging. Previous therapy included one to four cytotoxic
agents administered in the peri-operative or metastatic
setting because conventional chemotherapy ranges from
one drug (e.g. gemcitabine) to regimens containing four
agents (e.g. methotrexate, vinblastine, doxorubicin and
cisplatin). The previous therapy must have included at least
one of the agents: cisplatin, carboplatin, paclitaxel, docetaxel
or gemcitabine. At least 4 weeks must have elapsed
subsequent to radiotherapy or chemotherapy. Pretreatment
tumour tissue was required for mTOR pathway marker
analysis. Additional inclusion criteria included: Karnofsky
performance status �60; age �18 years; total serum
bilirubin �1.5; serum aspartate transaminase and serum
alanine transaminase �2.5 ¥ upper limit of normal (ULN),
or serum aspartate transaminase and serum alanine
transaminase �5 ¥ ULN if liver function abnormalities
were related to malignancy; absolute neutrophil count
�1.5 ¥ 109/L; platelets >100 ¥ 109/L; haemoglobin
>9.0 g/dL; creatinine �1.5 ¥ ULN; international
normalized ratio <1.3 (or <3 on anticoagulants); fasting
serum cholesterol �300 mg/dL; fasting triglycerides
�2.5 ¥ ULN.

Patient exclusion criteria included major surgery within 4
weeks; symptomatic central nervous system metastases; any
other investigational drugs; chronic treatment with
systemic corticosteroids or immunosuppressive agents;
another active cancer; uncontrolled diabetes mellitus;
severely impaired lung function as indicated by total lung
capacity <50% predicted, forced vital capacity <50%

Everolimus in urothelial cancer

© 2013 BJU International 463



predicted, or diffusion capacity of the lung for carbon
monoxide <40% predicted; active liver disease; known
HIV or severe infection; pregnancy or breast-feeding.
The Institutional Review Board of the Memorial
Sloan-Kettering Cancer Center approved this protocol and
written informed consent was obtained from all patients.

Treatment

Everolimus was administered orally at 10 mg daily
continuously (one cycle = 4 weeks). Therapy was continued
until progression of disease (POD) or unacceptable toxicity.
Dose reductions for toxicity included: dose level 1 = 5 mg
daily and dose level 2 = 5 mg every other day. Any patient
requiring dose reduction below dose level 2 was removed
from the study. Prespecified dose modification criteria were
included for haematological and non-haematological
toxicities, including stomatitis, hyperlipidaemia,
hyperglycaemia and non-infectious pneumonitis.

Patient Evaluation

Baseline evaluations included a complete history and
physical examination; Karnofsky performance status;
complete blood count and comprehensive metabolic panel;
fasting lipid profile; hepatitis B and C testing for patients
meeting specific criteria; pregnancy test in women of
childbearing age; and electrocardiogram. Studies required
within 30 days were: abdominal and pelvic CT scans or
MRI; bone X-rays and/or bone scan for patients with
osseous lesions; chest X-ray or chest CT; and pulmonary
function tests.

Tumour measurement was assessed at baseline, after every
two cycles and after completion/withdrawal. Response was
assessed using the Response Evaluation Criteria in Solid
Tumors (version 1.0) [16] by a reference radiologist
(S.R.G.). Safety was assessed on day 1 of each cycle and on
day 14 of cycle 1.

mTOR Pathway Marker Expression and
Mutation Detection

Markers of mTOR pathway activation, including p-S6
(phospho-ribosomal protein S6 [Ser240/Ser244]; Cell
Signaling,, Beverly, MA, USA; dilution 1:120), p-4E-BP1
(phospho-4E-BP1 [Thr37/46]; Cell Signaling; dilution
1:400) and PTEN (clone 6H2.1; Dako, Glostrup, Denmark;
dilution 1:50), were assessed by immunohistochemistry
(IHC) in pretreatment tumour samples. Immunoreactivity
was semi-quantitatively assessed for the percentage of
tumour cells expressing the marker and graded from 0 to
3+ (0, 0–5%; 1+, 6–25%; 2+, 26–50%; 3+, >50% tumour cell
positivity).

In 26 patients, formalin-fixed, paraffin-embedded
pretreatment tumour specimens were macro-dissected and

genomic DNA was extracted using the DNeasy Tissue kit
(Qiagen, Valencia, CA, USA). Tumours were screened for
FGFR3, PIK3CA, HRAS and BRAF hotspot mutations using
a mass spectrometry-based iPLEX assay (Sequenom, San
Diego, CA, USA), as described previously [17]. Primer
sequences are available upon request.

Biostatistics

The primary endpoints included 2-month PFS and safety of
everolimus. A Simon minimax two-stage design was used
to test the null hypothesis that the true 2-month PFS rate
was �50%, as opposed to the alternative hypothesis of
�70% [18]. Assuming a type I error rate of 5% and power
of 80%, �13 of 23 patients were required to be
progression-free at 2 months to proceed to stage two, in
which an additional 14 patients would be enrolled, giving a
total of 37 patients. If �24 patients were progression-free at
2 months at the end of stage two, the agent would be
considered promising. PFS and overall survival (OS) were
calculated from treatment initiation until progressive
disease or death and analyzed using the Kaplan–Meier
method. They were correlated with risk group and mTOR
pathway markers using the log-rank test. A protocol
amendment deemed patients unevaluable for the primary
PFS endpoint if they received one cycle or less of
everolimus and were discontinued from study for rapid
clinical deterioration related to POD or adverse events
unrelated to everolimus. These unevaluable patients were
replaced for the purpose of the primary PFS endpoint;
however, PFS and OS analyses were performed and
reported for all patients (n = 45) and the evaluable patient
population (n = 37). Evaluable patients discontinued from
the study for toxicity or other complicating diseases were
considered as events for the calculation of PFS. All patients
were included for the toxicity assessment. Toxicity
frequencies were tabulated in accordance to Common
Terminology Criteria for Adverse Events, version 3.0.

The secondary endpoint of response rate was estimated as
the proportion of patients meeting the criteria for a
complete response plus partial response using the Response
Evaluation Criteria in Solid Tumors (version 1.0). mTOR
pathway marker expression was determined by IHC in
pretreatment tumour specimens and correlated with
2-month PFS using Fisher’s exact test. The
immunoreactivity grade was dichotomized into �1+ vs
�2+. Samples with adequate pretreatment tumour tissue
underwent targeted mutation detection. No
research-directed biopsies were performed.

Results
Patient Characteristics and Efficacy

Forty-five patients were enrolled between February 2009
and November 2010, and 37 patients were evaluable for the
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primary PFS endpoint (Table 1). Seven patients were
deemed unevaluable after receiving one cycle or less of
everolimus and discontinuing treatment for either rapid
clinical deterioration related to POD or adverse events
unrelated to everolimus. One patient withdrew from the
study after 1 day of therapy to pursue alternative treatment.
Twenty-three of 45 (51%) patients were progression-free at
2 months. The median (95% CI) PFS for all 45 patients and
the 37 evaluable patients was 2.6 (1.8–3.5) months and 3.3
(2.1–3.7) months, and the median (95% CI) OS was 8.3
(5.5–12.1) months and 9.8 (7.8–15.2) months, respectively
(Fig. 1). Two (5%) patients achieved a partial response in
nodal metastases, one of whom achieved a 94% decrease in
target lesions and remains on everolimus for >26 months
(Fig. 2). The other responder experienced a 36% decrease in
target lesions with a 5.9-month PFS. The patient came off
study after an admission for back pain and fatigue with
high serum creatinine and creatine phosphokinase levels
consistent with rhabdomyolysis, which improved with
intravenous hydration. The patient was taking atorvastatin,
which may also be associated with rhabdomyolysis. This
event was considered possibly related to everolimus and the
patient was discontinued from study treatment. In addition
to these two patients, twelve patients exhibited some degree
of tumour regression (range 1–24% best response). In total,
37 (82%) of forty-five patients had undergone primary
tumour removal before enrollment in the present study. Of
the evaluable patients, 21 (66%) of 32 patients who had

undergone primary tumour removal were progression-free
at 2 months, whereas two (40%) of five patients who had
not undergone surgical resection were progression-free at 2
months. All patients had received at least one platinum
agent before enrollment in the trial. Twenty-five patients
received one previous regimen, 17 received two previous
regimens, two received three previous regimens and one
had received four previous regimens.

A previously described, recently validated model using
three adverse risk factors (Eastern Cooperative Oncology
Group performance status >0, haemoglobin level <10 g/dL
and the presence of liver metastasis) organized into four
risk groups (zero, one, two or three prognostic factors) to
predict OS in patients with platinum-refractory disease on
second-line chemotherapy was applied to the 37 evaluable
patients [19,20]. The median OS for patients in groups 0, 1,
2 and 3 was 11.8, 10.5, 4.7 and 4.4 months, respectively (P <
0.001).

Safety and Tolerability

All toxicities are described in Table 2. Grade 3/4
everolimus-related toxicities were observed in 29 (64%)
patients. A dose reduction was necessary in nine (20%)
patients. The most common grade 3/4 toxicities were
fatigue, infection, anaemia, lymphopaenia, hyperglycaemia
and hypophosphataemia. There were six patients who
experienced everolimus-related pneumonitis (one grade 3)
and six who experienced grade 3 infections, including
perianal abscess (n = 1), bronchitis (n = 1), UTI (n = 2),
pneumonia (n = 1) and infected hip prosthesis
(n = 1). Treatment was discontinued as a result of
everolimus-related toxicity in eight patients. Four patients
died within 30 days of study discontinuation from POD.

mTOR Pathway Marker Expression and
Mutation Detection

mTOR pathway marker expression, including phospho-S6,
phospho-4E-BP1 and PTEN, was assessed by IHC in 43
of 45 pretreatment tumour samples obtained from the
primary tumour site (Fig. 3). No significant association was
observed between mTOR pathway markers and PFS (P =
0.62, 0.85 and 0.69 for phospho-S6, phospho-4E-BP1 and
PTEN, respectively). There was a borderline significant
association between phospho-4E-BP1 expression (�2+ vs
�1+) and the binary variable, progression-free at 2 months
(P = 0.08), for 35 patients who were evaluable for the
primary endpoint and for whom IHC analysis was
performed.

In 26 pretreatment tumour specimens (24 primary site and
two metastatic lymph node sites) for which adequate
tumour tissue was available to screen for hotspot mutations
in FGFR3, HRAS, PIK3CA and BRAF, two mutations were

Table 1 Patient demographics and clinical characteristics (n = 45).

Characteristic Value

Age (years), median (range) 66 (32–84)
KPS, median (range) 90 (70–100)
Sex, n (%)

Male 31 (69)
Female 14 (31)

Previous chemotherapy, number of agents (%)
2 30 (67)
3 13 (29)
4 2 (4)

Primary site of disease, n (%)
Bladder 32 (71)
Ureter 2 (4)
Renal pelvis 11 (24)
Visceral metastases 36 (80)
Lung 23 (51)
Liver 19 (42)
Bone 6 (13)
Node-only disease 9 (20)

Risk group, n*
0 14
1 18
2 10
3 3

KPS, Karnofsky performance status. *Adverse risk factors include Eastern
Cooperative Oncology Group performance status >0, haemoglobin level <10 g/dL
and the presence of liver metastasis, which can be categorized into four risk groups
(zero, one, two or three prognostic factors present) [18].
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detected (one FGFR3 S249C and one PIK3CA E542K), with
no mutations detected in the two responders.

Discussion
The present study establishes mTOR as a therapeutic target
in patients with advanced UC. Although the trial did not
meet its primary endpoint, the median (95% CI) PFS and
OS for the evaluable patients of 3.3 (2.1–3.7) months and
9.8 (7.8–15.2) months, along with the two observed partial
responses, shows activity for everolimus in UC. In an
unselected patient population with advanced UC
progressing after platinum-based chemotherapy, everolimus
has single-agent activity similar to that observed with
standard chemotherapy [3]. However, a subset of patients
exhibited minor regressions, suggesting that everolimus
possesses both a biologically and clinically relevant
anti-tumour effect in certain individuals. Defining the
genetic basis for such minor regressions is imperative for
enabling the better selection of patients with the greatest
probability of deriving clinical benefit.

Everolimus-related toxicities were more frequently seen in
this patient population compared to RCC, with grade 3/4
toxicities being observed in 29 (64%) patients, including

fatigue, infection, anaemia, lymphopaenia, hyperglycaemia
and hypophosphataemia. Everolimus-related pneumonitis
(one grade 3) and grade 3 infection were observed in six
patients. Treatment was discontinued as a result of
drug-related toxicity in eight patients. This spectrum of
toxicities is similar to that seen in everolimus-treated
patients with advanced RCC. In the RECORD-1 trial, a
double-blind, randomized, placebo-controlled phase III
study of everolimus in 410 patients with advanced RCC,
there was a low incidence of grade 3/4 adverse events, with
the most commonly reported being stomatitis, asthaenia,
fatigue, rash and diarrhoea [6,21]. Pneumonitis was
detected in 22 (8%) everolimus-treated patients (eight with
grade 3 severity). In an international expanded-access
programme of everolimus in 1367 patients with metastatic
RCC, the most commonly reported serious adverse events
were dyspnoea, pneumonia and anaemia, and the most
commonly reported grade 3/4 adverse events were anaemia
(13.4%), fatigue (6.7%) and dyspnoea (6.5%) [22]. The
higher incidence of grade 3/4 events in UC compared to
RCC may reflect the older age and increased co-morbidities
of UC patients, as well as the impact of previous
multi-agent chemotherapy employed in metastatic UC
compared to the targeted therapies used in advanced RCC.

Fig. 1 Kaplan–Meier plots of progression-free survival (PFS) and overall survival (OS) for (A) all 45 patients and (B) the 37 evaluable patients.
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The older age and complex co-morbidities observed in
patients with advanced UC, including tobacco use,
cardiovascular disease, diabetes mellitus and chronic
obstructive pulmonary disease, make this a particularly
challenging patient population to manage [23,24]. Together
with the lack of effective therapies to control the underlying
cancer, therapeutic clinical trials have been hampered by
issues related to patient ineligibility and rapid clinical

Fig. 2 CT scan showing near-complete response in para-aortic

lymphadenopathy in a major responder treated with everolimus.

Baseline imaging shows moderate para-aortic adenopathy (*);

follow-up imaging shows a remaining sub-centimetre node (arrow).

The change in appearance of the inferior liver and right kidney on

the follow-up scan is the result of a combination of different inspiratory

effort and interval mild right hydronephrosis with cortical scarring and

atrophy.

01/26/2010

03/11/2011

Table 2 Toxicity assessment according to the Common Terminology
Criteria for Adverse Events, version 3.0 (adverse events, n = 45).

Adverse event* Grade

1–2 3–4

n (%) n (%)

Non-haematological
Fatigue 39 (87) 5 (11)
Weight loss 29 (64) 1 (2)
Mucositis 24 (53) 3 (7)
Rash 22 (49) 0 (0)
Constipation 21 (47) 0 (0)
Neuropathy 21 (47) 0 (0)
Oedema 20 (44) 1 (2)
Urinary frequency/urgency 15 (33) 0 (0)
Nausea 14 (31) 0 (0)
Dyspnoea 11 (24) 1 (2)
Vomiting 10 (22) 0 (0)
Fever 9 (20) 0 (0)
Diarrhoea 7 (16) 0 (0)
Pain 6 (13) 1 (2)
Infection 0 (0) 6 (13)
Cough 6 (13) 0 (0)
Pneumonitis 5 (11) 1 (2)
Dysgeusia 4 (9) 0 (0)
Haemorrhage 2 (4) 1 (2)
Dehydration 0 (0) 2 (4)
Pruritis 2 (4) 0 (0)
Confusion 1 (2) 0 (0)
Dry mouth 1 (2) 0 (0)
Dry skin 1 (2) 0 (0)
Enteritis 1 (2) 0 (0)
Flushing 1 (2) 0 (0)
Heartburn 1 (2) 0 (0)
Hypoxia 1 (2) 1 (2)
Muscle weakness 1 (2) 0 (0)
Gastroesophageal reflux disease 1 (2) 0 (0)
Myositis 0 (0) 1 (2)
Renal failure 0 (0) 1 (2)
Arrhythmia 0 (0) 1 (2)

Laboratory
Anemia 39 (87) 9 (20)
Thrombocytopaenia 21 (47) 0 (0)
Leukopaenia 16 (36) 1 (2)
Neutropaenia 7 (16) 1 (2)
Lymphopaenia 0 (0) 5 (11)
Elevated aspartate aminotransferase 30 (67) 3 (7)
Elevated alanine aminotransferase 27 (60) 2 (4)
Elevated alkaline phosphatase 22 (49) 1 (2)
Hypoalbuminaemia 27 (60) 0 (0)
Hyperbilirubinaemia 1 (2) 1 (2)
Hyponatraemia 11 (24) 3 (7)
Hypernatraemia 7 (16) 0 (0)
Hypokalaemia 7 (16) 1 (2)
Hyperkalaemia 7 (16) 0 (0)
Hypophosphataemia 16 (36) 4 (9)
Hypomagnesaemia 6 (13) 0 (0)
Hyperglycaemia 42 (93) 5 (11)
Hypercholesterolaemia 29 (64) 0 (0)
Hypertriglyceridaemia 28 (62) 1 (2)
Elevated creatinine 26 (58) 1 (2)
International normalized ratio, abnormal 18 (40) 7 (16)
Partial thromboplastin time, abnormal 12 (27) 2 (4)

*All adverse events with a suspected relationship with everolimus are listed, in
addition to all adverse events that occurred in >10% of the study population,
regardless of causality.
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deterioration [25]. In the present study, seven of the initial
28 patients received one cycle or less of everolimus
secondary to either rapid clinical deterioration as a result of
POD or adverse events unrelated to everolimus. The
protocol was subsequently amended to exclude all such
patients for the primary PFS endpoint. We acknowledge the
statistical bias inherent in removing these patients and have
presented the outcome analysis for the intent-to-treat
population, including all 45 patients who received any drug
on study (median [95% CI]: PFS, 2.6 [1.8–3.5] months; OS,
8.3 [5.5–12.1] months). Although the small number of
enrolled and evaluable patients in the present study, as well
as the lack of prospective molecular screening (see below),
limit our ability to accurately gauge response to everolimus
therapy, these results are similar to the modest outcomes
observed in trials evaluating standard chemotherapy, and
thus this does not change the conclusion that the outcome
in unselected patients treated with everolimus is poor.

In the present study, we evaluated a previously described,
recently validated prognostic model using three adverse
risk factors organized into four risk groups to predict OS in
patients with platinum-refractory disease in the 37
evaluable patients treated with everolimus, and found a
statistically significant correlation between median OS and
the number of risk factors present (P < 0.001) [19,20].
These results are similar to the decline in OS seen in
first-line platinum refractory patients treated in the phase
III vinflunine trial with a median OS for the four groups in
that study of 14.2, 7.3, 3.8, and 1.7 months (P < 0.001) [4,19].

The requirement for pretreatment tumour tissue for
immunohistochemical and mutation analysis provided
an opportunity to retrospectively identify predictive
biomarkers that condition the response to everolimus.
This approach has been successfully employed in other
malignancies (e.g. metastatic colorectal cancer) to identify

Fig. 3 Pretreatment tumour sample with over-expression of phospho-S6 and phospho-4E-BP1 and an absence of phosphatase and tensin

homologue (PTEN) staining in tumour cells (note retained PTEN staining in blood vessels – positive internal control). H&E, haematoxylin and

eosin.

H&E p-4E-BP1

p-S6 PTEN

Milowsky et al.

468 © 2013 BJU International



biomarkers such as K-Ras mutations that predict for
cetuximab resistance [26]. There are no established
predictive biomarkers associated with the response to
everolimus. We performed an exploratory analysis using
IHC for activated mTOR pathway marker expression,
including phospho-S6, phospho-4E-BP1 and PTEN in
pretreatment tumour samples. A positive association was
seen with phospho-S6 expression and the response to the
rapamycin prodrug, temsirolimus, in patients with
advanced RCC [27]. In the present study, no association
was seen between PFS and phospho-S6 expression;
however, a borderline significant association was observed
between phospho-4E-BP1 expression and the primary
endpoint, PFS at 2 months (P = 0.08), in 35 evaluable
patients for whom IHC analysis was performed. PI3K
pathway activation leads to downstream stimulation of
mTOR with both PTEN loss and PIK3CA mutations
sensitizing tumours to mTOR inhibition [28,29]. The
present study did not identify an association between
PTEN loss and PFS as determined by IHC. Additionally, we
analyzed 26 pretreatment tumour samples for mutations in
FGFR3, HRAS, PIK3CA and BRAF; one sample possessed
an FGFR3 S249C alteration and a second sample contained
a PIK3CA E542K mutation. Both samples were derived
from primary cystectomy specimens. Notably, no mutations
were detected in the two partial responders. Most samples
were derived from the primary tumour site and it is
possible that the genetic drivers of primary vs metastatic
tumours may be significantly different. This exploratory
biomarker analysis is limited by the retrospective design,
small sample size and limited number of genes that were
screened. However, we have embarked on an outlier
analysis of the durable, near-complete responder to
everolimus using array comparative genomic hybridization,
methylation analysis, and targeted and whole genome
sequencing, with the aim of identifying the genetic basis for
this dramatic response. Our hope is that this analysis will
detect novel biomarkers for prospectively identifying the
subsets of patients with the greatest probability of deriving
benefit from mTOR pathway inhibition. Additional
genotyping of patients who showed minor tumour
regression is also underway aiming to identify candidates
for combination therapies based upon tumour genotype.

In conclusion, advanced UC represents an orphan disease
with limited effective therapies; more than two decades of
research have not led to a significant improvement in
outcome. An older patient population with multiple
medical co-morbidities has contributed to the difficulty in
designing, accruing to and completing clinical trials of
therapeutic agents. We have now entered a new era of
molecular medicine with targeted therapeutics offering
more promise compared to traditional chemotherapy. The
genotypic stratification of patients based upon the presence

of predictive and prognostic molecular biomarkers of such
agents in clinical trials will ultimately improve the outcome
for patients with advanced UC [30]. Future phase II clinical
trials of targeted agents should incorporate the molecular
screening of patient tumours to identify biomarkers of
response as part of the pre-enrollment eligibility criteria for
selecting those patients with the greatest probability of
exhibiting a response to such therapies.
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